Background
==========

According to the International Agency for Research on Cancer (IARC), the most common cancers worldwide are lung cancer, breast cancer, and colorectal cancer. The current global incidence of breast cancer is increasing, mainly due to the sharp rise in breast cancer incidence in Asia \[[@b1-medscimonit-21-563]\]. Compared with Western women, Asian women are more likely to be diagnosed with advanced breast cancer -- about 10--25% of patients have metastasis, while the value for European and Americans is only 3--5% \[[@b2-medscimonit-21-563]\]. Breast cancer is not just a local tumor, but is also a systemic disease with occurrence and development closely related to abnormalities of estrogen hormones \[[@b3-medscimonit-21-563],[@b4-medscimonit-21-563]\]. Clinical and experimental studies have shown that estrogen plays a role in the development and progression of breast cancer, mainly through ER signaling pathway \[[@b5-medscimonit-21-563]\]. Approximately 75% of breast cancer patients show ER+/PR+ \[[@b6-medscimonit-21-563]\]. TAM is a non-steroidal, anti-estrogen drug regulating estrogen receptor selectively, with structure similar to that of estrogen. TAM has been used in more than 120 countries for the treatment and prevention of recurrence of ER+/PR+ breast cancer patients \[[@b7-medscimonit-21-563]\]. TAM therapy has become one of the most important means for breast cancer adjuvant endocrine treatment. Due to the use of TAM endocrine adjuvant therapy in the past 30 years, the OS rate of breast cancer patients has been extended \[[@b8-medscimonit-21-563]\].

Estrogen plays a key role in the pathogenesis of breast cancer, and TAM has been used to treat hormone-dependent breast cancer patients. However, nearly half of patients receiving adjuvant TAM therapy experience relapse and poor responsiveness, indicating large individual differences in response to TAM therapy \[[@b7-medscimonit-21-563]\]. The organic anion-transporting polypeptide 1B1 (OATP1B1, encoded by SLCO1B1) is a trans-membrane transporter protein, which is highly expressed in the sinusoidal membrane of human hepatocytes and is one of the main hepatic uptake transporters. It mediates the uptake not only of diverse endogenous substrates, but also adjusts the uptake of cellular substrate to promote the absorption of the liver-derived compounds and some drugs with important pharmacokinetic and pharmacodynamic significance \[[@b9-medscimonit-21-563],[@b10-medscimonit-21-563]\]. OATP1B1 is highly polymorphic. Its main mutation points are T521C (rs4149056) and A388G (rs2306283) \[[@b11-medscimonit-21-563]--[@b14-medscimonit-21-563]\], in which OATP1B1 T521C carrying C gene is associated with decreased OATP1B1 transport activities \[[@b15-medscimonit-21-563]\]. The expression and regulation of organic anion transporting polypeptides (OATPs) affects the development of cancer and is a useful target for anticancer therapy \[[@b16-medscimonit-21-563]\]. OATPs is usually expressed in gastric cancer \[[@b17-medscimonit-21-563]\], pancreatic cancer \[[@b18-medscimonit-21-563]\], and the surface of colon cancer cells \[[@b19-medscimonit-21-563]\]. *In vitro* experiments have demonstrated that OATP1B1 expression can be detected in breast cancer cell lines and normal breast tissue samples \[[@b20-medscimonit-21-563]\]. OATPs is a new target for the treatment of hormone-dependent breast cancer, as confirmed by a report of 7 OATPs gene and protein expressions in immortalized breast epithelial cells (MCF10A), hormone-dependent MCF7 and hormone-independent breast cancer cells (MDA/LCC6-435, MDA-MB-231 and MDA-MB-468) by using quantitative polymerase chain reaction and immunoblotting methods \[[@b21-medscimonit-21-563]\]. However, few studies are available on the association of OATP1B1 A388G and T521C polymorphisms with treatment response and/or patient OS for breast cancer treated with TAM. Human cytochrome P450 2D6(CYP2D6) is a key enzyme, playing an important role in the biotransformation of TAM, which converts TAM to the 4-hydroxy-N-desmethyl tamoxifen (endoxifen) \[[@b22-medscimonit-21-563]\]. CYP2D6 is highly polymorphic, and more than 100 different genotypes have been found (*<http://www.cypalleles.ki.se/cyp2d6.htm>*). The most common allelic variation in Caucasians is non-functional allele \*4, while Asians it is allele \*10 (rs1065852) \[[@b23-medscimonit-21-563]\]. Experiments have confirmed that CYP2D6\*10/\*10 genotype can reduce enzyme activity, thereby reducing the metabolism of TAM \[[@b24-medscimonit-21-563]\]. In 2006, the Food and Drug Administration (FDA) of the United States recommended that CYP2D6 genotyping is necessary prior to the determination of TAM anti-cancer treatment to improve clinical efficacy and the safety \[[@b25-medscimonit-21-563]\]; therefore, CYP2D6\*10 polymorphism was also included in the present study.

We hypothesized that breast cancer patients with CYP2D6\*10, OATP1B1 A388G, and T521C variant genotype may respond differently to TAM treatment. Our study aimed to evaluate the correlation between genetic polymorphism and overall survival of ER+/PR+ breast cancer patients and to provide a reference value for the treatment and prognosis for breast cancer patients.

Material and Methods
====================

Study population
----------------

We retrieved data on 1236 breast cancer patients who were diagnosed by biopsy and received surgical treatment from The First Affiliated Hospital (Yijishan Hospital) of Wannan Medical College, with surgeries performed between January 2002 and December 2009. The inclusion criteria included: (1) Chinese females of Han Chinese ethnicity; (2) histological diagnosis of ER+/PR+; (3) diagnosed with invasive breast cancer; and (4) received TAM as monotherapy after surgery with CMF (cyclophosphamide, methotrexate, and fluorouracil) chemotherapy, with no co-administered drugs that might influence the efficacy TAM, such as antipsychotics, antihypertensives, and antidiabetic drugs. We enrolled 296 patients who met our inclusion criteria: 176 cases of modified radical mastectomy, 38 cases of radical resection, 40 cases of breast cancer palliative resection, 22 cases of breast-conserving surgery for breast cancer, 13 cases of breast lesions localized resection, 1 case of breast needle aspiration, and 6 cases of radical mastectomy. The patients took TAM 20 mg/d after surgery for 2--5 years (3.64 years on average), and the median follow-up time was 83 months (9--155 months). All subjects signed an informed consent before study entry. This study was approved by the Ethics Committee of The First Affiliated Hospital of Wannan Medical College.

Genotyping
----------

Genomic DNA was extracted from archived paraffin blocks from surgery of each patient using the QIAamp DNA FFPE Tissue Kit (QIAGEN, Germany). For each subject, 1--3 pieces (10 μm each) of tissue blocks were cut and placed in sterile tubes for DNA extraction. We kept the DNA at −80°C after extraction. The design and synthesis of primer were by Boshang Biotechnology Corporation (Shanghai, China), nested PCR was used to amplify fragments in this experiment, and mutation analysis was performed by direct sequencing of PCR products ([Table 1](#t1-medscimonit-21-563){ref-type="table"}).

PCR was performed in 30-μL reactions containing 1 μL DNA, 1 μL of each primer, 2.5 μL×PCR buffer, 0.5 μL deoxy-ribonucleoside triphosphate (dNTP), and 0.15 μL rTaq DNA polymerase. Reaction mixtures with the outer primer sets were thermally cycled once at 95°C for 5 min; 30 times at 95°C for 30 s, 55°C for 30 s, and 72°C for 30 s; and once at 75°C for 10 min. Then we put 5 μL of the first-reaction product in the next PCR with 1 μL of each primer, 5 μL×PCR buffer, 1 μL dNTP, and 0.3 μL rTaq in a total volume of 50 μL. The reaction with the inner primer set was identical. Then fluorescent tags were placed to track the specific base-pair. The final products were analyzed on an ABI 3730XL (Applied Biosystems) automated sequence analyzer. A gene scan program was used for genotypes in each sample.

Statistical analysis
--------------------

Statistical analysis was performed using SPSS 17.0 software, and chi-square test and Fisher's exact probability test were used to compare the patients who had different genotypes and clinical characteristics. Kaplan-Meier analysis was used to make the survival curve diagram, and the log-rank test was used for performed. The Cox regression model was used for univariate and multivariate analysis to determine if genetic polymorphism was an independent prognostic influential clinical factor. P\<0.05 was considered as statistically significant.

Results
=======

Patient characteristics
-----------------------

We included 296 female invasive breast cancer patients taking TAM after surgery, whose median age was 50 years (range: 25--82 years); 122 patients were menopausal and 174 were premenopausal. Lymph node metastasis occurred in 126 patients, and 170 patients had no metastasis. The relationship between clinical characteristics of patients and each genotype are shown in [Table 2](#t2-medscimonit-21-563){ref-type="table"}. These genotyping and clinicopathological parameters were of no statistical significance. Overall, baseline characteristics of the patients were comparable (P\>0.05), including menopausal status, tumor size, and lymph node metastasis.

Frequencies of genotypes
------------------------

OATP1B1 A388G genotype was assessed for all 296 patients, of which 22 (7.4%) were homozygous (A/A) for the genotype and 274 (92.6%) were mutational (G carrier) for the genotype. In terms of polymorphism of OATP1B1 T521C, wild genotype (T/T) was present in 159 of 296 patients (53.7%) and variant genotypes (C carrier) were present in 137 (46.3%). The polymorphisms of OATP1B1 A388G and OATP1B1 T521C can be indicated according to their chain models SLCO1B1\*1a (c.388A-c.521T), SLCO1B1\*1b (c.388G-c.521T), SLCO1B1\*5 (c.388A-c.521C), and SLCO1B1\*15 (c.388G-c.521C), constituting 4 haplotypes with different functions. In this experiment, the gene frequencies were 25.5%, 48.7%, 8.8%, and 17.0% respectively.

The relationship between each genotype and survival rate of patients receiving therapy of TAM
---------------------------------------------------------------------------------------------

When the follow-up was terminated, there were 65 deaths among 296 breast cancer patients taking TAM after surgery, with a 5-year OS of 84.5%, and 10-year OS of 72.5%. The OATP1B1 T521C genotype was significantly associated with OS in this subgroup, and patients with the homozygous wild-type T/T genotype had a higher OS rate than that of the homozygous variant C/C and heterozygous C/T genotype (C carrier) (P=0.034, [Figure 1](#f1-medscimonit-21-563){ref-type="fig"}). The intermediate survival times were 87 months (range: 9--155 months, n=159) and 81 months (range: 12--148 months, n=137) for T521C wild-type and C carriers, respectively. In multivariate analysis, as compared with the wild-type genotype, the C carrier remained an independent prognostic marker of OS (hazard ratio=0.593; 95% confidence interval=0.363--0.971; P=0.038) ([Table 3](#t3-medscimonit-21-563){ref-type="table"}) after adjusting for age, lymph node involvement, tumor size, and ER or PR status in this subgroup of 296 patients. The results show that there was no statistical significance between the OATP1B1 A388G genotype and OS in these 296 patients (P=0.388, [Figure 2](#f2-medscimonit-21-563){ref-type="fig"}). The intermediate survival time of OATP1B1 A388G wild-type was 110 months (range: 28--147 months, n=22). The intermediate mutant survival time of OATP1B1 A388G was 82 months (range: 9--155 months, n=174). Likewise, the CYP2D6 \*10 genotype was not significantly associated with OS in this subgroup (P=0.096, [Figure 3](#f3-medscimonit-21-563){ref-type="fig"}). The intermediate survival time of \*10 carriers was 84 months (range: 9--150 months, n=241). The intermediate survival time of wild-type was 81 months (range: 27--155 months, n=55).

Discussion
==========

Muto et al. \[[@b26-medscimonit-21-563]\] collected 102 cases of parameters and survival conditions of breast cancer patients, and tested the expression of organic anion transporter-2 (OATP1B3, LST-2) by immunohistochemical methods, and also analyzed the disease-free survival and OS of the patients with OATP1B3 immune negative and positive response. They found that LST-2 immunoreactivity significantly reduced breast cancer recurrence and improved the prognosis. In 2011, Justenhoven et al. \[[@b27-medscimonit-21-563]\] studied the potential functions of 31 polymorphisms of OATPs and PXR in breast cancer risk. To our knowledge, there has been no information reported about the efficacy of A388G and T521C polymorphism on postoperative prognosis of breast cancer patients taking TAM. In the present study we found there was a tendency that OATP1B1 A388G mutations lead to increased efficacy of TAM treatment for ER+/PR+ breast cancer patients, but with no statistical significance. However, T521C polymorphism has a significant impact on TAM efficacy in ER+/PR+ breast cancer patients.

The frequencies of the OATP1B1 A388G and T521C variant alleles in Chinese were 73.4% and 14.0%, respectively \[[@b28-medscimonit-21-563]\]. There are growing concerns about the influence of OATP1B1 polymorphisms on pharmacokinetic and pharmacodynamic profiles of certain drugs. At present, the FDA recommends against 80 mg daily simvastatin dosage. In patients with C allele at OATP1B1 T521C, there are modest increases in myopathy risk even at lower simvastatin doses (40 mg daily). If optimal efficacy is not achieved with a lower dose, alternative agents should be considered to control drug adverse reaction caused by OATP1B1 T521C polymorphism, and to improve the safety of medication \[[@b29-medscimonit-21-563],[@b30-medscimonit-21-563]\]. The OATP1B1 T521C polymorphism plays an important role in the interindividual variability of plasma concentrations of nateglinide and repaglinide, and OATP1B1 A388G genotype is associated with reduced pharmacokinetic exposure after single-dose oral administration of 2 mg repaglinide, including decreased AUC and increased clearance of repaglinide \[[@b31-medscimonit-21-563],[@b32-medscimonit-21-563]\]. Extensive data show OATP1B1 genotypes were associated with drug adverse reactions and drug-drug interactions, and polymorphisms can increase risk. Recent studies have found that the OATP1B1 genotypes were associated with methotrexate clearance \[[@b33-medscimonit-21-563]\]. OATP1B1 polymorphisms play more and more important roles in clinical drug use.

CYP2D6 gene mutations can cause changes in the number and activity of the enzymes, resulting in differences in specific drug metabolism and efficacy, and significant differences can be seen between individuals and races. CYP2D6\*10 is a key enzyme, playing an important role in the biotransformation of TAM \[[@b34-medscimonit-21-563]\]. *In vitro* experiments show that an unstable enzyme is synthesized in the carrier of CYP2D6\*10/\*10 gene, of which the half-life is relatively short and the activity is relatively weak -- about 1/40 of the wild-type CYP2D6\*10 \[[@b34-medscimonit-21-563]\]. Our study shows that the OS of mutant-type CYP2D6 is lower than that of wild-type CYP2D6; the survival rate of wild-type is the highest. We found that the influence of the wild-type CYP2D6 on the OS of breast cancer patients who received TAM treatment is similar to that of mutant CYP2D6. There is a trend of CYP2D6\*10 mutation leading to decreased efficacy of TAM treatment in ER+/PR+ patients, but with no statistical significance, which is consistent with the relevant literature \[[@b35-medscimonit-21-563]\]. We expect to conduct multi -center or larger-sample studies in the future.

Conclusions
===========

Our study suggests that OATP1B1 T521C polymorphism might be useful in predicting TAM efficacy and clinical outcomes in breast cancer patients receiving adjuvant TAM therapy. In this field, further research could contribute to more individualized treatment strategies.
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###### 

The OATP1B1 A388G, T521C and CYP2D6\*10's primer sequences.

  Genotype        Primer                           Primer sequence             Length
  --------------- -------------------------------- --------------------------- --------
  OAPT1B1 A388G   F                                CTTAAAACACATGCTGGGAAATTG    224
  R               CTGTGTTGTTAATGGGCGAACTG                                      
  FN              TAATGGTGCAAATAAAGGGGAAT                                      
  RN              TCTTACCTTTTCCCACTATCTCAG                                     
  F               GCAGCATAAGAATGGACTAATACAC                                    
  OATP1B1 T521C   R                                CAATTTTACTAGATGCCAAGAATGC   222
  FN              TAAAATGAAACACTCTCTTATCTACATAGG                               
  RN              GACAAAGGGAAAGTGATCATACAAT                                    
  CYP2D6\*10      F                                CTGCTTCCCCTTCTCAGCCT        227
  R               CGGTGTGCTGAGAGTGTCCT                                         
  FN              ACCTCCTCCCTCACCTGGTC                                         
  RN              CAGAGGAGCCCATTTGGTAG                                         

F -- forward outer primer; R -- reverse outer primer; FN -- forward internal primer; RN -- reverse internal primer.

###### 

Associations between the OATP1B1 C521T, A388G, CYP2D6\*10 genotype and patient's characteristics.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic          Patients\     OATP1B1 521   OATP1B1 388   CYP2D6\*10                                                                                                                                                                      
                          n=296                                                                                                                                                                                                                     
  ----------------------- ------------- ------------- ------------- ------------------------------------------------------------ ------------- ------------- ---------------------------------------------------------- ------------- ------------- ----------------------------------------------------------
  Median age (range), y   50 (25--82)   51 (25--82)   50 (28--77)                                                                50 (25--82)   48 (33--69)                                                              51 (28--82)   46 (25--78)   

  Menopausal status                                                 0.716[\*\*](#tfn3-medscimonit-21-563){ref-type="table-fn"}                               0.822[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}                               0.291[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}

  Premenopausal           174           79            95                                                                         160           14                                                                       138           36            

  Postmenopausal          122           58            64                                                                         114           8                                                                        103           19            

  Tumor size, cm                                                    0.387[\*\*](#tfn3-medscimonit-21-563){ref-type="table-fn"}                               1.000[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}                               0.445[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}

   ≤2.0                   136           59            77                                                                         126           10                                                                       113           23            

   \>2.0                  140           68            72                                                                         130           10                                                                       111           29            

   Unknown                20                                                                                                                                                                                                                        

  Nuclear grade                                                     0.828[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}                                 0.362[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}                               0.711[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}

   1                      55            26            29                                                                         49            6                                                                        44            11            

   2                      183           79            104                                                                        172           11                                                                       151           32            

   3                      38            18            20                                                                         35            3                                                                        28            10            

   Unknown                20                                                                                                                                                                                                                        

  Lymph node status                                                 0.940[\*\*](#tfn3-medscimonit-21-563){ref-type="table-fn"}                               1.000[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}                               0.763[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}

   Positive               126           58            68                                                                         117           9                                                                        104           22            

   Negative               170           79            91                                                                         157           13                                                                       137           33            

  ER status                                                         0.423[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}                                 0.759[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}                               0.214[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}

   Positive               250           113           137                                                                        232           18                                                                       200           50            

   Negative               46            24            22                                                                         42            4                                                                        41            5             

  PR status                                                         0.743[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}                                 0.540[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}                               0.288[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}

   Positive               253           116           137                                                                        235           18                                                                       203           50            

   Negative               43            21            22                                                                         39            4                                                                        38            5             

  HER-2 status                                                      0.570[\*\*](#tfn3-medscimonit-21-563){ref-type="table-fn"}                               0.070[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}                               0.363[\*](#tfn2-medscimonit-21-563){ref-type="table-fn"}

   Positive               118           57            61                                                                         105           13                                                                       93            25            

   Negative               178           80            98                                                                         169           9                                                                        148           30            
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fisher's exact test;

Pearson's Chi-squared test.

Wt -- wild type; HER-2 -- human epidermal growth factor receptor 2.

###### 

Cox proportional hazards regression(Adjusted Cox Proportional HR of CYP2D6\*10, OATP1B1 A388G and T521C polymorphisms).

                  Hazard ratio (95% CI) 3   P-value
  --------------- ------------------------- ---------
  CYP2D6\*10                                0.102
   Wt             0.520 (0.237--1.139)      
   T carrier      1                         
  OATP1B1 A388G                             0.396
   Wt             1.408 (0.640--3.098)      
   G carrier      1                         
  OATP1B1 T521C                             0.038
   Wt             0.593 (0.363--0.971)      
   C carrier      1                         

1\) If the relative risk is less than 1, the relative risk can be thought of as the average decreased risk of dying at any point in time compared with the reference group. If the relative risk is greater than 1, the relative risk can be thought of as the average increased risk of dying at any point in time compared with the reference group. \[The group with the ratio equal to 1.00 is the reference group\]. 2) P value based on log-rank test. 3) Hazard ratios from Cox proportional hazards model, adjusted for age, menopausal status, Tumor size, lymph node status, ER status, PR status, HER-2 status. CI -- confidence interval; Wt -- wild type.
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